In large classes with hundreds of students enrolled, it is difficult to gauge the knowledge level of the students on a regular basis until the exams where it is almost too late to correct and supplement competency deficiencies. Complementing weekly lectures with an online learning platform coupled with a direct competency model for e-learning and e-assessment can provide real-time feedback on student knowledge and deficiencies for the instructors and help the students better prepare for their exams and increase their core knowledge. A case study of a large Chemistry for Mechanical Engineering course (~400-500 students) at a German technical university utilized an online platform to develop a direct competency model to assess students' knowledge of core chemistry competencies. These competencies were based on the learning outcomes of the course. This model consisted of short review questions (2-3 per topic) that tested students' understanding of the concept as well as pre and post self-assessments of these core competencies. Students that scored higher on the direct competency questions showed higher mastery of the subject topic through achieving higher scores on correlated exam tasks and subtasks. Also the pre and post selfassessment showed that students assessed themselves to have made significant gains in core knowledge. This validation of the competency model allows it to be used in real-time in an online learning platform to discern how well students understand the material and allows the instructor to correct deficiencies shortly after the material is presented and before the next exam.
Introduction
Formative assessment and feedback on students' learning process is challenging in large, lecture based courses for instructors. The time required to develop, administer, evaluate and assess, and return feedback concerning student competency is large. Studies have shown that ongoing feedback during a course enhances the teaching-learning process and actively engages students in their learning process [1] [2] [3] .
Assessment can be broadly defined as the process of understanding and improving student learning. It includes setting appropriate criteria and high standards followed by gathering, analyzing, and interpreting evidence to determine if those criteria and standards were met 4, 5 . There are two main forms of assessment, summative and formative. Summative assessment generally refers to student learning in terms of a given grade for a body student work or for accreditation, whereas formative assessment generally refers to the process of ongoing feedback to improve student performance and teaching practice [1] [2] [3] [4] 6, 7 . In formative assessment not only is the instructor key in creating and fostering an active learning environment but also the learner and peers with all having a shared responsibility in the learning process 1 .
With the development of online learning platforms and communities, assessment has also moved online. Online assessment (or also called e-assessment) can be defined as a form of assessment (summative or formative) utilizing technology within online and blended learning environments to gather and analyze learning evidence where instructors and learners are separated by time and/or space 1, 3, 4, 7 . Advantages of online assessment include convenience where time and place are not limiting factors however time and pace can still be controlled, accessibility of online databases, interactive features, inclusion of multimedia, and immediate feedback to both instructors and students 1, 3, 6, 7 . In large classes, online assessment with immediate feedback allows an instructor to have a better understanding of the overall knowledge gain of the students 3 . Effective use of online assessment allows instructors and students to collaboratively engage in the learning process and identify areas of learning needs and find ways to address those needs. The student must become an active learner, and the method of online assessment must match the learning objective to achieve this 1, 3 . Barak & Rafaeli (2004) have shown that when students were actively engaged in an online assessment, they achieved higher overall exam scores 4 . They also noted that students had a positive attitude toward online assessment, most especially in regards to receiving immediate feedback and grades to encourage self-monitoring and self-regulation in the learning process 4 .
In large courses, it is hard for instructors to assess knowledge gain and the learning process which is critical, especially in larger introductory course where the attrition rate is highest. Improving the teaching-learning process through online assessment during the course could have a significant impact on the retention rate and increase in knowledge gained, because by the time the exam is taken, it is too late to correct any gaps of knowledge 2 . Online self-assessment quizzes are a good tool for both instructors and students to receive immediate feedback on general knowledge and where each is in the teaching-learning process, and have been shown to positively impact summative assessment later in the course 1 . Competency integrated standards of achievement provide guidelines for improvement including strengths and weaknesses of the course, content changes, methods of content delivery, and assessment 8 .
Competency is defined as having the ability to do a set task(s) focusing on the application of knowledge and not only on the acquisition of knowledge or skills 8, 9 . Using competency based standards, the strengths and weakness of a course could be effectively determined 8 . One method is to define a competency based curriculum, where students have to achieve a minimum level of knowledge in their studies to graduate. These competencies provide a set of guidelines for students to move closer to their educational goals. These competencies are typically embedded and linked within courses across the curriculum [9] [10] [11] . These competency models have been developed because of differences in students' mathematical versus conceptual reasoning. Students can perform well on questions utilizing an algorithmic solving problem method but not on non-mathematical, conceptual questions 10, [12] [13] [14] .
In a specific course, direct competency exams are one method to assess these core competencies. These are typically multiple choice questions that cover the basic understanding of fundamental concepts. The desired performance level is 100% on all questions. They can reveal strengths and weaknesses of the course, student misconceptions, and suggest to students what the fundamental and most important concepts in a course are. When these direct competency exams are offered throughout the semester, they improve student learning through low stakes assessment and give immediate feedback to the instructor 10,12-14 . Mehta and Schlecht (1998) have shown that daily competency exams (1-3 questions) are useful in learning material and are more beneficial for students with a GPA less than 2.7 (American 4.0 scale), especially in large classes 2 .
This study is the first attempt to define, measure, and assess students' core chemistry knowledge through an online platform in a traditional lecture-based course blended with online material. The specific aims were twofold: the development of a direct competency model and an assessment method through an online platform for real-time formative assessment of student competence, for both students and instructors, in large classes.
Methodology and methods

Composition of students and course
Five hundred thirty-two students were initially enrolled in a lecture based Chemistry for Mechanical Engineers course at a German Technical University. Of the 532 enrolled students only 379 subsequently enrolled and participated in the exam, which was the only given grade during this course. Only the 379 students that took the exam and chose to answer the developed assessments were included in the data analysis. All collected data was voluntary and anonymized. Chemistry for Mechanical Engineering is a traditional lecture course held once a week for 90 minutes, has 14 lectures, and is supplemented with a script. It is accompanied by weekly 90 minute recitations, each limited to 30 students, for exercises. Lecture and recitation attendance are not mandatory but highly recommended.
Development of the assessments
Core competencies were identified from the learning objectives, course script, and prior exam themes. These were identified as follows (in parenthesis following each competency is the shortened version as shown in Table 1 and in all future references in this paper):
─Properties of atoms and compounds based on the periodic table and bonds (Properties) ─Stoichiometry (Stoichiometry) ─Electrochemistry (oxidation/reduction equations) (Electrochemistry) ─Acid/base neutralization (Acid/Base) ─Identifying, naming, and properties of the different classes of Organic Chemistry (Organic Chemistry) ─Aromaticity (Aromaticity) ─Reaction equilibria (Reaction Equilibria) ─Reaction kinetics (Kinetics) ─Properties of polymers (Polymers).
From these core competencies, 25 direct competency questions were developed and were grouped into 9 competency quizzes (see Appendix A for example competency questions).
A pre and post self-assessment asked students to evaluate their knowledge level in the above competencies at the beginning and end of the semester using a Likert Scale from 1-4, with 1-have no clue or idea, 2-have seen or heard it, 3-familiar with it, and 4-know it well. Included in the post self-assessment were questions regarding how the students prepared for the exam, including whether they attended lecture and/or recitation and how many times, if they read the course script, worked through the exercises/modules, and found additional exercises and/or books (see Appendix B for the full pre and post self-assessment).
In addition, students had access to 10 multiple choice questions (1 set per lecture) aimed at helping them review their own knowledge and were developed from the script and lectures. These questions are not part of their final grade, but are only for the students' benefit and to self-evaluate their knowledge level.
Method of assessment
Moodle is an online learning platform designed for educators to create a personalized learning environment for their students. It is scalable, flexible, and adaptable for the needs of a particular course and/or learning objectives. It is activity and resource based. Moodle was developed from a social constructivist philosophy, wherein learners develop and construct knowledge for others in a social setting, working collaboratively on building new knowledge 16 .
All course communication and deliverables were performed with Moodle in addition to the course lectures. In particular, Moodle was used to construct and deliver the direct competency and selfassessments with the quiz function. The competency quizzes were opened a week or two following the corresponding lecture(s). They were then available for the remainder of the semester, but students could only take each quiz once. The lecture multiple choice questions became available the week following the lecture and remained available for the rest of semester and for retaking by students since they were required to achieve a score of 70% to obtain access to exercise solutions. However, the order of the 10 lecture multiple choice questions and their answers were randomized for each attempt.
The exam was offered one week after the 14 th lecture and had 7 tasks covering the previously described learning objectives and competencies. The students had 90 minutes to complete the exam. The total number of points achievable was 94 and was scaled to the 1-5 scale used in German universities, with 1.0 being the highest score, 4.0 the lowest passing score, and 5.0 failing. Grades were placed into three groups, 0.7-2.7, 3.0-4.0, and 5.0.
Analysis methods
Outliers and normality were determined using box plots, Shapiro's-Wilks test of normality, and studentized residuals. Homogeneity of variances was determined by Levene's test of homogeneity. ANOVA was used to test the equality of means, and Tukey post hoc test to determine significant differences between various groups. Paired t-tests were performed to determine differences between the pre and post self-assessments. Spearman correlations were also performed to determine relationships between various factors. SPSS version 23 (SPSS IBM, New York, NY) statistical software was used for all statistical measures. All averages are shown as an average  standard deviation.
Results and discussion
Analysis and comparison of competency quizzes
Nine core competencies were assessed throughout the semester by nine competency quizzes as shown in Table 1 . Each competency quiz typically covered between one to three core competencies: Quiz 1 -properties and stoichiometry; Quiz 2 -stoichiometry and electrochemistry (oxidation/reduction reactions); Quiz 3 -stoichiometry, electrochemistry, and acid/base reactions; Quiz 4 -general organic chemistry knowledge (including identifying, naming, and properties of different organic chemistry classes); Quiz 5 -aromaticity; Quiz 6 -properties and general organic chemistry; Quiz 7 -reaction equilibria; Quiz 8 -kinetics; Quiz 9 -polymers. Overall, students scored lower on Quiz 4 (45 %  24.56), Quiz 6 (40.5 %  34.46), and Quiz 9 (46 %  36.03) which covered general organic chemistry knowledge and polymers and highest on Quiz 5 (78.2 %  34.02) which covered aromaticity. An overall competency was calculated using the average of all competency quizzes taken by the individual students. The overall competence was 49.78 %  28.27. Comparing the three different grade groups, 07. The overall average of total exam points was 38.43  11.9 of 94 available with an average grade of 3.7 ( Figures 2 and 3) . Students received the lowest number of available points on Task 1 (properties and organic chemistry: 2.15  2.23 of 9 available points), Task 5 (stoichiometry, acid/base reactions, and reaction equilibria: 2.17  1.79 of 10 available points), Task 6 (polymers: 3.37  2.38 of 13 available points), and Task 7 (properties: 3.39  2.69 of 9 available points) and the highest number of points on Task 2 (organic chemistry and kinetics: 9.65  3.21 of 15 available points), Task 3 (stoichiometry, reaction equilibria, and kinetics: 11.01  3.92 of 25 available points), and Task 4 (properties, stoichiometry, and electrochemistry: 7.31  3.07 of 13 available points). The core competencies assessed in each exam task were determined by the authors through separate analyses of the exam, bringing together the results, and discussing any discrepancies until all were in agreement. The competencies assessed in each exam task and subtask is shown in Table  2 . Each core competency is explicitly assessed in at least one subtask (dark blue) and in some cases implicitly assessed (light blue).
Analysis and comparison of self-assessment
Students self-assessed their knowledge in the core competency areas on a scale of 1-4 (1 -have no clue or idea; 2 -have seen it or heard it; 3 -familiar with it; 4 -know it well) two times, once at the beginning of lectures and the second time after the lectures were over but before the exam was offered (Figure 4 ). Overall, students rated themselves significantly higher in all core competencies after attending the lecture (properties: t (22) (properties: t(7) = -4.965, p = 0.002; stoichiometry: t(7) = -5.000, p = 0.002; electrochemistry: t(6) = -3.286, p = 0.017; ; acid/base reactions: t(6) = -2.646, p = 0.038; organic chemistry: t(6) = -2.489, p = 0.047; aromaticity: t(7) = -9.000, p < 0.0005; reaction equilibria: t(7) = -5.000, p = 0.002; kinetics: t(7) = -5.227, p = 0.001; polymers: t(7) = -1.183, p = 0.275), and for the 5.0 group, students self-assessed significant gains in aromaticity and organic chemistry (p < 0.05) and reaction equilibria, kinetics, and polymers (p < 0.10) and insignificant gains in stoichiometry, electrochemistry, and acid/base reactions (stoichiometry: t(2) = -1.890, p = 0.199; electrochemistry: t(2) = -2.000, p = 0.184; acid/base reactions: t(2) = -1.732, p = 0.225; organic chemistry: t(2) = -5.000, p = 0.038; aromaticity: t(2) = -7.000, p = 0.020; reaction equilibria: t(2) = -3.500, p = 0.073; kinetics: t(2) = -3.500, p = 0.073; polymers: t(2) = -4.000, p = 0.057;). The highest exam group, 0.7-2.7, consistently assessed themselves higher in all competencies compared to the other two groups before the lecture (pre self-assessment) but there were no statistical significant differences between groups except for polymers (F (2,110) = 2.794 p = 0.066, partial  2 = 0.048 ). The 0.7-2.7 grade group rated themselves significantly higher in the pre selfassessment than the 5.0 grade group (mean difference = 0.56  0.24, p = 0.052). There were also no statistical significant differences between groups in their post self-assessment, but the higher grade group typically assessed themselves higher than the two lower groups except for in properties, stoichiometry, aromaticity, and kinetics. 
Analysis and comparison of lecture multiple choice questions
Previously developed for this course were 13 sets of 10 multiple choice questions for students to use as a general review. Each was available one week after its corresponding lecture and was open till the end of the lecture period. Since students had to answer these questions and minimally receive a score of 70% to have online access to that week's exercise solutions, they were allowed 
Integration and correlations between competency quizzes, exam scores, lecture multiple choice questions, and self-assessment
Across the different assessments, students tended to score consistently lower on organic chemistry and polymers and acid/base reactions on the exam and lecture multiple choice questions and consistently higher in stoichiometry, aromaticity, and kinetics. Interestingly, students also selfassessed themselves lower in acid/base reactions and polymers and higher in stoichiometry, aromaticity, and electrochemistry (Figure 4 ), corresponding to their exam and competency assessments.
Spearman's correlations were used to test if there were any statistical significance to the above observations and to validate the competence model. Competency quizzes, post self-assessment, and lecture multiple choice question scores were compared to the total exam points achieved and each other.
As shown in Table 3 , there were 7 positive correlations between the competency quizzes and exam scores for the highest grade group, 0.7-2.7 (1), 7 for the second, 3.0-4.0 (2), and 5 for the last group, 5.0 (3). The expected correlations are highlighted in dark blue (explicit assessment) and light blue (implicit assessment). These included positive correlations with properties, stoichiometry, electrochemistry, acid/base, organic chemistry, and aromaticity for the first group, properties, stoichiometry, electrochemistry, acid/base, and kinetics for the second group, and stoichiometry, electrochemistry, organic chemistry, reaction equilibria, and kinetics for the third. There was no explicit overlap between correlations and the different grade groups (Table 3) , but the first group had a strong correlation between exam scores and stoichiometry and acid/base and the third with kinetics. Table 4 describes the positive correlations found between the competency quizzes and lecture multiple choice questions. For the highest grade group, 0.7-2.7, the calculated overall competency was positively correlated with the lecture multiple choice questions covering properties (2 different lectures), electrochemistry, acid/base, organic chemistry, aromaticity, and reaction equilibria, and for the second group, 3.0-4.0, the overall competency was correlated with properties, and organic chemistry along with Quiz 1 with two different properties lectures and Quiz 6 with properties, and the third group, 5.0, had correlations between overall competency with stoichiometry and Quiz 4 with organic chemistry Table 4 : Correlations between competency quizzes and lecture multiple choice questions with the number indicating each grade group's significant correlations (1: 0.7-2.7; 2: 3.0-4.0; 3: 5.0).. Dark blue shading indicates explicit assessment and light blue implicit assessment of the corresponding competency. 1b 1c 1d 2 2a 2b 2c 2d 2e 2f 2g 3 3a 3b 3c 3d 3e 3f 3g 3h 3i Between the lecture multiple choice questions and the exam scores, stronger correlations were seen in regards to acid/base and reaction equilibria for the first group, 0.7-2.7, along with properties, aromaticity, and polymers (Table 5) . Stronger correlations were also seen in the second grade group, 3.0-4.0, in stoichiometry and organic chemistry along with properties, electrochemistry, acid/base, kinetics, and polymers. For the third grade group, 5.0, more correlations were seen with properties and organic chemistry as well as stoichiometry and aromaticity. There was an overlap with both the first and third groups having a positive correlation between total exam points and Lecture 7 covering aromaticity and groups 1 and 2 between Task 7a and Lecture 10 covering properties. Only three correlations were observed between the competency quizzes and post self-assessment. All three were found in the first group, 0.7-2.7, and include properties, electrochemistry, and organic chemistry (Table 6 ). More positive correlations were seen between the exam score and post self-assessment ( Table 7) . The first grade group, 0.7-2.7, had correlations between the total exam points and stoichiometry, electrochemistry, acid/base, organic chemistry, aromaticity, and kinetics, between exam tasks and acid/base, reaction equilibria, and kinetics. The second group, 3.0-4.0, had correlations between exam tasks and stoichiometry, electrochemistry, acid/base, and organic chemistry. The third group, 5.0, had a correlation between total exam points and reaction equilibria and exam tasks and organic chemistry and kinetics.
1a
Few correlations were seen between the lecture multiple choice questions and self-assessment. One for the first group, 0.7-2.7, in organic chemistry, two for the second group, 3.0-4.0, in properties and acid/base, and none for the third group, 5.0 (Table 8) .
Overall the average core competencies, not broken down by grade group, show positive correlations with the exam tasks in stoichiometry, aromaticity, reaction equilibria, kinetics, and polymers. Between competencies and the lecture multiple choice questions, positive correlations were seen for properties, stoichiometry, electrochemistry, acid/base, organic chemistry, and reaction equilibria. For the lecture multiple choice questions and exam tasks, positive correlations were seen for the following competencies: properties, stoichiometry, electrochemistry, acid/base, organic chemistry, aromaticity, reaction equilibria and kinetics. For the self-assessments, correlations were only seen between properties and organic chemistry, between the exam and selfassessments, in properties, stoichiometry, electrochemistry, acid/base, kinetics, and polymers, and for the lecture quizzes, only for acid/base and organic chemistry. The full set of statistical data can be found in Appendix C. There were also significant correlations found between non-expected competencies, exam scores, self-assessments, and lecture multiple choice questions, but it is beyond the scope of this paper and further analysis is needed on this data to fully examine and discuss those discrepancies. 1b 1c 1d 2 2a 2b 2c 2d 2e 2f 2g 3 3a 3b 3c 3d 3e 3f 3g 3h 3i 
Analysis of additional factors
At the end of the course, students were asked how often they attended lecture and recitation since neither are obligatory but recommended, when they went through the given, supplementary exercises, either throughout the duration of the course or at the end before the exam, and whether they read and used the given script in preparation for the exam. There were no statistically significant differences between the total exam points of the three grade groups for any of the above variables. The students that regularly attended lecture performed better than those that did not, but attendance at recitation did not seem to have an impact on total exam points achieved ( Figure 5 ). When and how the students decided to prepare for the exam in regards to the exercises completed and using the script did not seem to have a critical impact on their final grade (data not shown). 
Discussion
Use of an online platform such as Moodle allows for quick assessment and feedback to both the students and instructors on knowledge gained throughout a course. The fundamental issues in regards to any assessment are validity and reliability. Validity includes authenticity of the assessment, effective feedback, and learner support, and reliability is defined as the degree to which what is being assessed is a sufficient indicator of student knowledge 1 . This direct competency model indicates a link between core competency questions in Chemistry and knowledge assessed through the exam. The core competency quizzes coupled with the previously developed lecture multiple choice questions are indicators of Chemistry knowledge, most especially in the areas of properties, stoichiometry, organic chemistry, reaction equilibria, and kinetics and less so in acid/base, electrochemistry, and polymers. Further validation and reliability are needed due to the sample size of this study.
There were poorer or no links between core competencies and self-assessment. The only correlations seen were in the areas of properties and organic chemistry. More were seen between the points achieved on exam tasks and subtasks and their self-assessments, most especially in the areas of stoichiometry, electrochemistry, acid/base, organic chemistry, reaction equilibria, and kinetics and less so in properties, aromaticity, and polymers. Even though there were not significant differences, students tended to rate themselves higher in the core competencies that they performed better on the exam and competency quizzes and lower in the corresponding areas. Similar studies have confirmed the correlation between self-assessment and objective measures 2 .
Conclusions
In this study, the development of a direct competency model coupled with an online assessment platform, Moodle, allows real-time feedback for the instructors and students on knowledge level. From this information, instructors can bring more information into the next lecture if there is a gap in knowledge instead of finding out after the exam, and the students can self-regulate their learning process. It is particularly useful in a large class with hundreds of students and no formally graded work. The next step in this research is to carefully look at each question and objectively assess whether it is fully measuring its goal and further develop more competency questions to make a more inclusive competency concept inventory for a short quiz (2-3 questions) every week. With an inventory and online assessment platform, a randomized competency quiz could be given to each student when they access the quiz. For example, for one week the computer program would randomly assign two out of 10 questions from an inventory over a specified competency. This would also lead to a decrease in student dishonesty.
Due to the voluntary requirement of this study and low sample numbers from the total population, this data will be combined with the forthcoming year's data for a fuller, better analysis, along with breaking down each question in the competency quiz to help tie them to the course outcomes. To increase the number of students participating, completion of the competency quizzes and lecture multiple choice questions have been highly recommended for the feedback and self-regulation of the learning process. Another possibility would be to require taking these quizzes and give students a small participation grade. Increasing the sample will increase the validity and reliability of this model. 
